Background. Patients' perception of pain during hemodialysis (HD) and at times between HD treatment and its association with survival have not been well studied in endstage renal disease (ESRD). We evaluated the experience of pain during HD and at times when the patient was not receiving HD, and assessed possible associations of the perception of pain and sleep disturbance with patient survival. Methods. A total of 128 ESRD patients treated with HD completed questionnaires on psychosocial status, quality of life and sleep disorders. A modified McGill Pain questionnaire was used to assess the nature, location, frequency, intensity and duration of pain both during and at times between HD sessions. The Pittsburgh Sleep Quality Index was used to screen for sleep disturbances over a 30-day period. Results. Controlling for age, diabetes mellitus, serum albumin concentration and human immunodeficiency virus infection, there was a significant association between mortality and both frequency and intensity of pain while patients were not on HD. There was no association between survival and duration of pain while off HD or any of the pain parameters while patients were on HD. There was no association between survival and the presence of a sleep disorder. Conclusions. Pain perception while off HD may be of more importance to patients than pain during HD. The mechanisms underlying the association are unknown but may involve linkage of pain with severity of medical illness or the generation of a maladaptive cytokine response. Multicenter prospective studies of pain interventions using well-validated pain perception tools are needed to establish causal relationships. Interventions directed toward treating pain on non-HD days may improve ESRD patient survival.
Introduction
Pain and sleeplessness have been considered important symptoms for general medical patients for many years [1, 2] . Only recently, however, have pain and sleep been carefully evaluated in patients with end-stage renal disease (ESRD) and chronic kidney disease (CKD) [2] [3] [4] [5] [6] . There is increasing recognition that pain is one of the most common issues experienced by ESRD patients, associated with increased depression and diminished quality of life (QOL) [1, 2, 4, [6] [7] [8] [9] [10] [11] . Increased depressive affect and perception of QOL by ESRD patients have been linked to patient survival in large populations [12, 13] . Perception of pain has been linked to mortality in several general medical populations [14, 15] .
Pain, although often underappreciated by clinicians, has been recognized as an important concern for dialysis patients since the seminal work of Binik et al. [1] . More than one-fifth of a US hemodialysis (HD) population reported pain as a troublesome issue [8] . A Canadian study showed 50% of HD patients reported a problem with chronic pain, with 55% of these patients rating their pain as severe [6] .
Pain, however, is not the only predictor of poor QOL for CKD patients [2, 16] . Sleep quality has been shown to be an important mediating factor in pain-related disabilities. Chronic pain and sleep disturbances each independently and synergistically have profound detrimental effects on QOL in general medical and ESRD populations [2, 17] . Poor sleep quality is independently associated with several QOL indices, medication use patterns and mortality in HD patients as shown in 308 dialysis units in seven countries in the Dialysis Outcomes and Practice Patterns Study (DOPPS) between 1996 and 2001 [18] .
Recent studies confirmed that sleep problems are frequent in patients with ESRD [3, 4] . In a 2004 study, 65% of patients reported symptoms of at least one specific sleep disorder [3] . Patients with sleep disorders reported that they had higher illness intrusiveness and worse self-perceived health than those without sleep problems. The experience of a sleep disorder was an independent predictor of illness intrusiveness, a health-related QOL parameter [3] .
The perception of pain during dialysis and at times between dialysis treatment and their association with survival has not been well studied in ESRD patients. Little is known about the experience of pain by HD patients on non-dialysis days, in contrast to that perceived during dialysis treatment. The aims of this study were to evaluate the experience of pain during dialysis, and at times when the patient was not receiving dialysis and to assess possible associations of perception of pain and sleep disturbance with survival in HD patients. We hypothesized the subjective report of a sleep disorder and increased perception of pain would be associated with mortality in HD patients.
Materials and methods

Patient population and demographics
HD patients were recruited from two dialysis units located in Washington, DC, under the direction of George Washington University Medical Center full-time faculty nephrologists. The population was composed of primarily African-American patients and has been previously described [19, 20] .
Recruitment
All patients enrolled in chronic HD programs at the two dialysis units were eligible to participate. The recruitment period ranged between 3 October 2001 and 26 November 2003. Each patient was initially approached by a trained research assistant, who explained the study in detail and invited patients to complete a series of questionnaires regarding pain, psychological status and QOL. Questionnaires were administered by research assistants, who recorded verbal responses. At the time of data collection, patients gave consent to use the data in mortality analyses. Data collection was approved by the George Washington University Medical Center Committee on Human Research. Follow-up for vital status continued through July 2005.
Data collection
Research assistants tracked the status of all patients by interviews with nephrologists and staff at both dialysis units, who verified information in the facilities' computer databases. Data obtained included current vital status (alive or dead), date of death, date of transplantation and last day of treatment (if no follow-up data were available).
Measures
Participants were evaluated using the Beck Depression Inventory (BDI), Illness Effects Questionnaire (IEQ), Single Question QOL Scale (SQQOL), Multidimensional Scale of Perceived Social Support (MSP) and Satisfaction with Life Scale (SWLS), Karnofsky scores, Pittsburgh Sleep Questionnaire (PSQ) scores and the modified McGill Pain Questionnaire.
Beck Depression Inventory. The BDI is a 21-item questionnaire that examines the somatic and cognitive effects of depression. The BDI quantifies the severity of depression as none, mild, moderate or severe. This depression-screening tool has previously been validated in ESRD patients [21] [22] [23] [24] [25] . A score of !11 indicates depression in a general medical population, while scores >14 have been suggested as cutoff values in ESRD patients [24] [25] [26] . Higher BDI scores have been associated with mortality in ESRD patient populations [21, 27] .
Illness Effects Questionnaire. The IEQ is used to quantify the patients' perception of burden of illness. It contains 20 items scored on a 7-point Likert scale. The IEQ has been validated in ESRD patient populations and has also been associated with mortality [7, 16, 28, 29] .
Single Question QOL scale. The SQQOL has been used in several recent studies of dialysis patients [8, 16, 19, 30] . We showed this single question global QOL measure correlated with depression, number of symptoms, life satisfaction scores, perception of burden of illness, social support and satisfaction with nephrologist scores but not with age, level of albumin, hemoglobin, Kt/V or Karnofsky scores, demonstrating its validity as a QOL measure [8, 16, 19] .
Social support was assessed using the MSP [31, 32] . The scale, frequently used in CKD patients [7, 28, [33] [34] [35] , includes 12 questions measuring perceived support from family, friends and significant others. Patients' scores were reported on a 7-point Likert scale with total scores ranging from 0 to 84, indicating low to high-perceived social support. We previously reported higher ESRD HD patient social support scores were associated with improved survival [20, 28] .
The SWLS contains five items rated on a scale from 1 to 7, designed to measure overall perception of QOL [36, 37] . The SWLS correlates with a number of subjective QOL measures [36] . The SWLS has been validated in ESRD populations [16, 28, 29] .
The PSQ [38, 39] measured patients' satisfaction levels both with their nephrologist and with their dialysis center staff. Topics covered by the 10-question survey included the patients' perception of how much the nephrologist and dialysis staff cared for, respected, and supported them as individuals. The Satisfaction with Doctor score is the sum of all questions relating to perceptions of the nephrologist, while the Satisfaction with Staff score is the sum of all questions relating to perceptions of dialysis center staff.
The Karnofsky Performance Status Scale [40] measures a patient's functional status using a scale ranging from 0 to 100. A score of 100 signifies full capacity to carry out normal activities of daily living, while a score of 0 indicates death. Scores <70 indicate that some level of assistance is needed to carry out daily activities. The Karnofsky scale has been used in prior QOL studies in ESRD patients [16, 28, 29, 33, 35] .
The Pittsburgh Sleep Quality Index (PSQI) screens for sleep disturbances over a 1-month period [41] . There are 19 questions with seven component scores including 'subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication and daytime dysfunction [41] '. The seven component scores are summed to yield one global score [41] . A global PSQI score >5 has an 89.6% sensitivity and 86.5% specificity for determining disturbance in sleep [41] . The PSQI has previously been used in ESRD patients [9, 42] .
The modified McGill Pain questionnaire was used to measure perception of pain. This survey includes questions regarding the nature, location, frequency, intensity and duration of pain [43] . The McGill Pain questionnaire and modifications of the instrument have previously been used in patients with CKD and ESRD [2, [4] [5] [6] . We evaluated two variables: pain during HD treatment (excluding needle insertion) and at times between dialysis treatment ('non-dialysis days'). Pain frequency was measured by asking patients how often they experienced pain on a 1-10 Likert scale, with '1' defining rarely experiencing pain and '10' defining always experiencing pain. Pain duration was measured by asking patients how long their pain lasted in minutes. The perceived intensity of pain was rated on a 1-10 scale [4, 43] . The percentage of patients with pain was calculated based on how many patients reported experiencing pain over the past month. In addition, we asked whether the patient had spoken to his or her nephrologist regarding pain.
Statistical considerations
All statistical analyses were performed using either SAS version 9.1 (SAS Institute, Cary, NC) or Excel 2007. Mantel-Haenszel chi-square tests were used for comparisons between nominal variables and were performed using categories defined by the mean scores. Correlation analyses with Pearson or Spearman coefficients were used to assess relationships between the demographic, pain and sleep variables as appropriate. Cox regression analyses were used to assess survival. A P-value of 0.05 was considered significant. Results are expressed as mean AE SD.
Results
Demographics and patient population
The sample was composed of 77 men (60.2%) and 51 women (39.8%). The study patients were 91.4% AfricanAmerican, 7.0% were Caucasian and 1.6% identified themselves as Asian or Pacific Islander. The study patients' demographics are outlined in Table 1 . The mean age of the population was 57.3 AE 13.8 years (range 24-86 years). A total of 48.4% had diabetes mellitus and 10.2% were human immunodeficiency virus (HIV) infected. The mean serum albumin concentration was 3.8 AE 0.4 g/dL. Patients' mean Kt/V was 1.5 AE 1.0. The mean duration of treatment on dialysis was 39.9 AE 40.9 months. The mean Karnofsky score was 74.6 AE 14.6 (Table 1) .
There was incomplete information regarding the experience of pain and sleep disturbances for one patient. A total of 30.7% of patients experienced pain during dialysis (excluding needle insertion). A total of 44.1% of patients experienced pain on non-dialysis days (P < 0.05 versus during dialysis). The mean intensity score of pain experienced by patients during dialysis was 2.1 AE 3.5, the mean score for frequency of pain during dialysis was 1.8 AE 3.1, and the mean duration of pain score during dialysis was 9.8 AE 31.7 min (Figure 1, Table 2 ). A total of 3.9% of patients experienced the highest level of pain (Figure 1 ) and the highest frequency of pain during HD (data not shown). A total of 28.4% of patients scored above the mean of intensity of pain during dialysis, 29.1% scored above the mean frequency of pain during dialysis and 21.3% scored above the mean duration of pain during dialysis.
The mean intensity of pain score on non-dialysis days was 3.1 AE 3.8, the mean frequency of pain score on nondialysis days was 2.9 AE 3.6, and the mean duration of pain on non-dialysis days was 49.8 AE 220.8 min (Figure 2 , Table 2 ). The median and modal score for all of the pain parameters was zero. A total of 41.0% of patients scored above the mean intensity of pain on non-dialysis days, 42.1% scored above the mean of frequency of pain on non-dialysis days and 12.0% scored above the mean of duration of pain on non-dialysis days. A total of 7.9% of patients experienced the highest level of pain (data not shown) and 9.5% of patients experienced the highest frequency of pain during HD.
The mean global PSQI score was 6.2 AE 4.6. A total of 45.6% of patients had a global PSQI score >5. The mean BDI score was 11.0 AE 8.2, the mean MSP score was 69.2 AE 12.9, the mean IEQ score was 50.7 AE 25.5 and the mean SWLS was 21.3 AE 8.1.
Chi-square analyses
There was no significant association of gender, Kt/V, hemoglobin and albumin level, presence of diabetes mellitus, MSP or SWLS and any of the pain parameters when assessed in categorical relationships. There was no significant association of any of the pain variables and the patient satisfaction with nephrologist or dialysis staff.
Married patients experienced less intensity (P ¼ 0.026) and frequency (P ¼ 0.013) of perceived pain on nondialysis days than unmarried subjects. Younger patients experienced greater intensity (P ¼ 0.037) and frequency (P ¼ 0.024) of perceived pain during dialysis than older subjects. The magnitude of all pain parameters on dialysis days was significantly increased in patients with high IEQ scores. Patients with higher BDI scores experienced more intensity (P ¼ 0.005 and P ¼ 0.008) and frequency (P ¼ 0.003 and P ¼ 0.012) of perceived pain both during dialysis and on non-dialysis days. Patients with lower Karnofsky scores experienced more intensity (P ¼ 0.028) and frequency (P ¼ 0.017) of pain during dialysis than those with higher functional status. The magnitude of all pain parameters during dialysis and on non-dialysis days was significantly decreased if the patient had spoken to his or her nephrologist about pain. There was no significant association between gender, marital status or whether the patient had spoken to his or her nephrologist about pain and the presence of a sleep disorder. There was no significant association between Kt/V, hemoglobin and albumin levels, Karnofsky score and the presence of a sleep disorder. There was no significant association between the presence of a sleep disorder and patient satisfaction with nephrologist or dialysis staff. Diabetic patients were less likely to perceive a sleep disorder (p ¼ 0.046). Patients with higher IEQ scores (P < 0.001), higher BDI scores (P < 0.001), lower MSP scores (P ¼ 0.005) and lower SWLS scores (P ¼ 0.001) were more likely to perceive a sleep disorder (P < 0.001). Younger patients were more likely to experience a sleep disorder (P ¼ 0.023).
Correlational analyses
There was no correlation of age, Kt/V, Karnofsky score, hemoglobin or albumin concentration and any pain or sleep variable. There was no correlation of any pain or sleep variable and patient satisfaction with nephrologist or dialysis staff.
SWLS scores correlated with intensity of perceived pain during dialysis and on non-dialysis days as well as perception of globally disturbed sleep (Table 3) . IEQ scores correlated with all pain parameters on dialysis and non-dialysis days, with the exception of duration of pain on non-dialysis days. Extent of depression correlated with frequency and intensity of pain on dialysis and non-dialysis days and perception of globally disturbed sleep. Perception of lower social support correlated with magnitude of perception of disturbed sleep. 
Pain and survival in HD patients
Survival Ninety-six of the 128 patients survived the study and observation periods. There was a significant association between survival and perception of both frequency and intensity of pain while patients were not on dialysis (Figures 3 and 4) . There was no significant association between survival and duration of pain while patients were off dialysis, and there was no association between survival and any of the perceived pain parameters while patients were on dialysis. Controlling for age, diabetes mellitus, serum albumin concentration and HIV infection, mortality was associated with frequency of pain on non-dialysis days [hazard ratio (HR) ¼ 1.097, confidence interval (CI) ¼ 1.001-1.201, P ¼ 0.047; Table 4 ] as well as perceived intensity of pain on non-dialysis days (HR ¼ 1.09, CI ¼ 1.001-1.187, P ¼ 0.047; Table 5 ). There was no association between survival and the presence of a sleep disorder ( Figure 5 ).
Discussion
Pain has been noted as a distressing issue for HD patients for more than a quarter of a century [1] , associated with increased depression and decreased QOL [2] . Both depression and QOL have been linked with differential survival in ESRD patients [12, 13, 21, 28] . Recent studies have confirmed that pain is a common issue for patients treated with maintenance HD for ESRD [7] [8] [9] 11] . The experience of pain between dialysis treatment has not been studied in HD patients.
We found perception of pain was common in HD patients, although a substantial proportion of patients did not report pain during dialysis or on non-dialysis days. An important subpopulation of patients did, however, perceive a high level of pain, both during dialysis and on nondialysis days. Interestingly, the number of participants who perceived pain, and the intensity, frequency and duration of pain perceived was higher for the portion of the week between dialysis treatment compared with perceptions of pain during HD. There was no association of pain parameters and gender, presence of diabetes or patient satisfaction with care or treatment indices evaluated using several analytic approaches in this population. Age, marital status, satisfaction with life, perception of burden of illness and increased depression, in contrast, appear to be important factors associated with differential experience of pain. Associations of several parameters of perception of pain with QOL indicators such as level of depression, satisfaction with life and burden of illness on non-dialysis days suggest pain is intertwined with the patients' general perception of QOL exclusive of the dialysis experience. The findings suggest that patients may compartmentalize dialysis treatment as a separate portion of their lives, less associated with general perceptions of QOL than those pertaining to non-dialysis days, the overwhelming majority of time spent by the non-hospitalized HD patient during the week.
The causes of pain for dialysis patients relate to complications of uremia, their underlying comorbid illnesses and factors related to the procedure, and have been well outlined [6, 11] , as are effective treatment approaches [5, 11, 44] . The finding that perception of pain is associated with mortality outcomes in ESRD patients is novel. Macfarlane et al. [15] showed that pain was associated with mortality in a general population and acknowledged that pain could be a marker of poor health, a symptom of an undiagnosed illness or associated with psychological distress. Pain perception could be associated with increased stress or diminished perception of QOL [22] or high levels of proinflammmatory cytokines in ESRD patients [22] , which have been linked to mortality. In addition, perception of pain could be associated with increased disability or depression, both of which are associated with mortality. It is interesting that in this study, there was not sufficient power to link sleep disorders with mortality, although the association has been documented in the larger DOPPS study [18] .
Our findings emphasize the potentially robust nature of the relationship between perception of pain and mortality, and suggest treatment of pain might modify both perception of QOL and mortality. The study of Barakovy and Moss [5] , a randomized controlled trial of aggressive treatment of pain in ESRD patients, addresses the possibility that such interventions are practical. The interrelationship between pain perception and various psychosocial factors suggests interventions directed against depression, anxiety and sleep disturbances or other psychosocial parameters might be effective in reducing pain, which should be evaluated in any such studies in HD patients [45] .
A limitation of the study pertains to the patient population, which is primarily comprised of African-Americans. There would seem to be little evidence that relationships between symptoms and outcomes would differ in different ethnic groups, however, black patients enjoy superior survival in the US ESRD program. The study population includes prevalent patients and thus may be subject to survivor bias. Unfortunately, there was not sufficient power to address survival solely in incident patients. Future studies should both assess perceptions of pain during and exclusive of dialysis in incident patients, and follow these parameters longitudinally, to strengthen causal inferences [21] . Assessment of symptoms is underappreciated in dialysis practices, and pain treatment is inadequate [44, 46] . Inadequate treatment of pain may relate to concerns about iatrogenic addiction or inadequate or insufficient training of health personnel [45] , and these pathways should be addressed in HD units. Nephrologists should inquire regarding the symptom of pain, experienced on dialysis and away from the dialysis unit. The experience of pain and perception of QOL exclusive of dialysis treatment may, however, be more important as patient-centered outcomes and as loci for intervention. Pain treatment should be a routine part of therapy by nephrologists for dialysis patients, inclusive and exclusive of treatment. Randomized controlled studies of pain interventions with assessment of hard outcomes are appropriate.
